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P R O C E E D I N G S  
THE PHYSICAL S O C I E T Y  
OF LONDON. 
OCTOBER 1897. 
I. A Navul Range-Findelel.. 
22y Prof. W. STI~OUD, D.Sc., M.A.* 
HAVING been engaged for the past eight years in conjunction 
with Prof. Barr in the construction and perfecting of naval 
range-finders. it was natural that I should turn my attention 
to the possible application of telemetrical principles to  physical 
nieas urenien t. 
One very obvious application is to the determination of (1) 
the radius of curvature of a concave and especially of a convex 
surface, and (2) the focal length of a convex and especially 
of a concave lens. The problem of finding the position of 
the image of an object in  a convex mirror or a concave lens 
is essentially a range-finding problem. 
For the particular purpose in view the most suitable form 
of range-finder is a constant-range instrument, i. e. an instru- 
ment (whose optical parts are rigidlr fixed) which can be 
translated along an optical bank and will indicate when an 
object or image is at the specified range. The mode of act ion 
of the instrument will thus be very like that of an ordinary 
short-focus telescope as commoiily used on optical banks, but 
* Read October 29, 1897. 
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a short-focus telescope is essentially bad as a range-finder, 
and that for the following reasons :- 
As is wall known, when using such a telescope i t  
is advisable to cover up the inidtlle portion of the objective 
so that only the extreme beams are used to form the image. 
In this way a crude range -finder is formed, which suffers froin 
a radical defect, arising from the fact that the beams enter the 
eye in different directions, so that any alteration in the accom- 
inodation of the eye produces a duplication of the image. 
An attempt is made to avoid error from this cause by 
keeping the eye focussed all the time on cross-wires fixed in 
the focsl plane of the eyepiece. (2) The short-focus 
telescope has not usually buse enough for accurate telemetry 
(the maximum available base being the diameter of the 
objective), or if it should have base enough, the miniinum 
range which it can measure is too great. 
Looked at from the range-finding point of view the problem 
of optical spheronietry and foconietry is one of excessive 
simplicity. What is required is a range-finder whose prime 
reflectors can be fixed at any distance apart (to furnish the 
adjustable base) and at  any angle to that base (to furnish the 
adjustable range). 
One arrangement is shown in plan in fig. 1 and in 
perspective in fig. 2. A, A' are two triangular reflecting 
prisms forming the prime reflectors supported on stands 
provided with levelling-screws. Slots S, SI are provided in 
the frame-piece D through which pass stout pins P, PI pro- 
vided with clamping-screws below. B, B' are fixed reflectors 
opposite A and A' respectively. C is an extra reflector 
(made into one block with B and B') so as to reflect the two 
beams upward to the eye. If now the prime reflectors be 
adjusted for a particular range, the two portions of the object 
viewed will appear in coincidence in the field of view 
furnished by C. If the two portions are not in coincidence 
they may be brought into coincidence by translating the 
range-finder to or froin the object or image. The instrument 
works in fact just like a short-focus telescope, the only 
difference being that the correctness of the range is deter- 
mined by observing whether or not the two portions of the 
object viewed are in alignment. 
(1) 
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The instrument was used to determine the radius of curva- 
ture of a convex mirror by the ordinary method. It is clear 
that U should be iiiade as large as possible so as to make v 
large. 
Fig. 1. 
0 
The object (a  thin rod or slit well illuminated at  the back) 
was placed at the extremity of the bank, and the inirror at the 
other extremity ; the R.F. (range-finder) was brought up to 
read (1) the image of the rod, (2) the surface of the mirror, 
(3) the position of the object. Measurement (1) is first done 
because the R.F. should be adjusted on the image so as to have 
maximum available base-length and inininiuni range (the 
conditioiis for maximum accuracy). The portion of the 
inirror used was restricted to 10 crn. diameter, so as to make 
the measurements comparAble with direct measurements 
made with our spherometer, which has its adjustable point 
5 cm. distant from each of the fixed legs. The R.F. is then 
brought up to within a few cins. of the mirror and the prime 
.reflectors are angled until the images appear nearly in 
coincidence, the prime reflectors are then rigidly fixed and 
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t,he R.F. is moved to and fro along the bank until oxact coin- 
cidence has been obtained, when the reading on the bank is 
taken. If  the base-length is 10 cm. and the image about 
70 cm. away, the extreme variations cannot amount to 1 mm. 
and should not amount to more than 4 inm. From fig. 1 it 
will be seen that the R.F. is so constructed that it does not 
itself obstruct the beams forming the two separate images 
provided its distance from the mirror is sufficient (say 8 or 
10 cm.). 
Neasurement ( 2 )  is eRected by suspending a weight by n 
very fine wire so that the wire rests in contact with the 
convex surface. Our mirror was silvered at  the back, the 
wire resting against the front glass surface. Under these 
circunistances an image of the wire will be formed by re- 
flexion in the surface. The R.F. is adjusted (a)  on the wire, 
( b )  on its image. If t is the thickness of the glass, - is the 
difference between these readings, from which t can be calcu- 
lated with sufficient accuracy. 
Measurement (3) is effected most conveniently by shifting 
the rod or slit a measured large distance (say 100 cm.) 
towards the mirror, so that the R.F. can be brought to bear 
upon i t .  
2 t  
c1 
The following results were obtained :- 
26. 
143.62 
12879 
118.78 
1244.12 
119.12 
U. 
26.82 
26.09 
35.66 
95-88 
25.67 
r. 
65-50 
65.44 
65-46 
65.39 
65.44 
r (corrected). 
65.37 
65 31 
6533 
65.27 
65.31 
-- 
The last column gives the value for the radius corrected for 
aberration. The radius of the same mirror measured by our 
spherometer gave 65.31 and 65.37 cm. It should be re- 
marked (1) that our spherometer has received a good deal of 
rough usage, ( 2 )  that the spherometer measures the curvature 
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of the external surface, while the telemeter was used to 
measure the curvature of the silvered surface. Still the 
results show that this telemetrical method is nearly as 
accurate as direct spherometry. 
The constants of a concave lens were next determined. 
One face was obviously concave, the other looked nearly flat. 
The radius of the concave face was first got in this way : - 
the rod, suitably and strongly illuminated, was placed between 
the R.F. and the concave surface, and roughly adjusted 
so that i t  and its image were in close proximity near the 
centre of curvature. I n  other words 14 and v were made 
nearly equal and the value of each determined. I n  this case 
we are dealing with a real image aiid can bring our R.F. as 
near as  we please to the image. 
Now n little elementary calculation shows that if R be the 
range, clR the error in R, B the base, and dtl the error in 
angular estimation, then do= - . - -  but - is practically 
fixed, as its maximum value = -, where 6, p are the diameter 
and radius of the surface respectively. Hence as d B  is 
fixed (=1 minute of arc for snapshot naked-eye work and 
= 8 minute when great care is taken), dR will be a minimum 
when R is a minimum. To determine the range of a real 
image as accurately as possible, we must then take the 
minimum base and minimum range for maximum accuracy. 
I n  this case it inay be advisable to place on the face of the 
prism LL conves lens whose focal length is equal to the range 
required. 
dR B B 
H, R '  R 
6 
P 
I n  the case of the lens used 6=r3 cin. p = 16 cm.; so that 
(ZR=R . d e = m i e .  ' E  
If, then, d e = ;  minute + $ooo and l t = 5  tin.) then 
I n  order to compete in accuracy with this a spherometer 
wolild require to indicate to s-Joo min. Iu short, as a R.F. 
could be constructed to work at much shorter ranges thau 
even 5 cn~.,  there can be no question that for concave sphe- 
rical surfaces the telemetrical inethod is more accurate than the 
spherometer. 
dK=Tho 111111. 
IC .  
24.10 
31.40 
32.13 
33.21 
U. f. P.  -------- 
13.33 2 g m  1.5276 
15.31 29.87 1*;5’268 
1545 2975 15287 
16.13 20.77 15284 
Mrsn ......... 2!P80 ’ 1.5279 
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The results are remarkably good when it is remembered 
that all the observations are simple naked-eye observations 
without the assistance of any magnifying-power. 
Fig. 3 shows in plan another form which the R.F. may 
take. A, A’ are, as before, the prime reflectors. The com- 
posite block of prisms B, E’, and C (figs. 1 and 2) is now 
replaced by a single right-angled polished speculum-prism C’ 
turned edge upwards, as shown in the plan. A s  it stands, 
this instrument wonlcl n o t  be a range-finder a t  all, but an 
Fig. 3. 
3 
I 1 
azimuth indicator. A right-angled glass prism P is, however, 
mounted on the stage suppoiting the reflector A’, eo that the 
beam of light is reversed right for left before falling on A’. 
This converts the instrument into a range-finder. The kind 
of appearance that is presented in the instrument before 
correct alignment has been attained is shown l y  the lines I ,  l’, 
as seen in the prism C’. Here the object being observed is a 
line perpendicular to the plane of the figure a t  some distance 
away in the direction of tho arrow. A moment’s reflection 
will show that the R.F. is too near the object. To produce 
alignirient we should require to move the instrument in the 
opposite direction to that of the arrow. The advantage 
which this arrangement presents over the preceding is that 
the speculum-prism (j’ obstructs very little of the beams. 
Experiment shows that the accuracy obtainable with i t  is not 
appreciably different from that obtainable with the instrument 
first described. 
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Conclusions. 
1. The telemetrical method described is not much inferior 
to a spherometer for measuring the radii of curvature of 
convex and approximately plane surfaces. 
2. The method is superior in accuracy (though not of 
course in convenience) to the spherometer for measuring the 
radii of curvature of concave surfaces. 
3. The method is available for determining all the geo- 
metrical or optical constants of either a convex o r  a concave 
lens on the optical bank alone. 
APPENDIX. 
I n  connexion with this subject there remains to be described 
a simple apparatus for measnring optically the radius of cur- 
vature of a convex mirror or the focal length of a concave 
lens. 
I venture to think that i t  will be found as useful in ele- 
mentary teaching in other laboratories as it has been found at 
the Yorkshire College. 
M is the convex mirror, P is a slip of silvered plate-glass 
(assumed plane), S is a pin well illuminated or narrow slit 
of light. The plate-glass P is arranged so that its upper 
edge is nearly on the horizontal axis of the mirror. Either 
8 or P is shifted nearer to or further from 31, until the image 
of S in P coincides with the image of 8 in 15, whether viewed 
Fig. 4. 
I E' 
I E' 
from E or from E'. Under these circumstances u=u+b,  
x=a--b, whence 7' can Le obtained. 
by refiexion in M is smaller than that formed in P, i t  is 
advisable to use ii very ~iarrow slit at S. 
As  the image formed ' 
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To determine the  focal length of‘ a concave lens, the mirror 
is removed, the concave lons is placed so that its face touches 
the silvered back of P, and is half covered by it. A stout 
vertical rod is placed at  some considerable distance behind the 
mirror on the prolongation of the axis of the lens, and the pin 
S is shifted to or froin the mirror until the image of tho ])in 
seen by reflexion in the plane mirror coincides with the 
iinage of the rod as seen directly through the lens, whether 
we look from E or  from E’. This gives the position of the 
virtual image of the rod, whence the focal length can be 
calculated. 
The pili or rod can with advantage be replaced by a vertical 
straight, edge well illutniiinted. 
Both these methods will be found very satisfactory for 
elementary students. The apparatus is very simple, and the 
method seems to me instructive in illustrating the subject of 
parallax. 
DISCUSSION. 
Mr. BARR drew attention to the gimbal arrnngenient 
and the three struts that keep the supporting rod central 
in the tube. To give some idea. of the precision and scope 
of the range-finder, he observed that they mere there using 
the equivalent of a 25-ft. “circle,” and their measurements 
were comparable to the rneasureinent of 20 secs. of angle, 
on such a circle. The instrument is handled by ordinnr.y 
seamen, and stands rough usage on hoard ship for years 
TV i tho ut i n.j u r J-. 
